Biostratigraphy and sedimentary evolution of continental Neogene in the Madrid area by Alberdi, María Teresa et al.
BIOSTRATIGRAPHY AND SEDlMENTARY EVOLUTION 
OF CONTINENTAL NEOGENE IN THE MADRID AREA 
by 
María-Teresa ALBERDI"'. Manuel HOYOS·. Fernando JUNCO··. 
Nieves WPEZ MARTINEZ···. Jorge MORALES"'. Cannen SESE* 
and Maria Dolores SORIA'" 
RESUME - aiOltratigraphie et évolutlon aédlmentolo¡l.qu.e du Néogine Continental de la réglOD 
de Madrid. Dans ce travaíl on étudíe le Miocéne inférieur et moyen de la région de Madrid. l.a 
sédimentation de cene zone du bauin du Tajo conespond a un dép6t endoréique alimenté 
par des "alluvíal fans" provenant de la chaIhe centrale espagnole quí, aprél des facih de tran­
sníon. paaent aux évaporltes lacustres vers le centre du baesín. On peut distínguee dans la 
disposition de ces dépóts troís unités sédimentaires : inférieure, intermédiaire et eupéríeure. 
La base de l'unité inférieure a été datée seulement par des mícrommamíféres fossílee prove­
nant de sondages. On lui attribue un age ohgc-míocene. L'ensemble des f.une~ de Madrid et 
du coulcir Madrid·Guada1ajara correspond au Mlocéne moyen (Aragonien), elles se placent 
toutes daos l'Unité íntermédíaíre. Cet ensemble peut étre subdivisé en deux grcupes ; l'un 
d'age Aragonien moyen et I'autre d'áge Aragonien supéríeur. La discontinuité rnajeure entre 
l'Vnité inféríeure et l'Uníté tntermedíaíre se place done au-dessoUf, de -l'ensernhle des feunee 
de l'Aragoalen moyen et correspond II la phase NeocasteUana (cf. AGUIRRE et aL, 1982). 
La díscontínuíté entre l'Uníté intermédiaire et l'Unité supérieure eat repreeentée par une dis· 
cordance d'érosion. L'Unité superteure est tres complexe et contient des éléments ínutllísables 
pour la datation. La faune de Cendejas a Hipparion. et Decennatnerium peut-etre attribuée au 
Vallésien. Au-dessue de cette Umté la faune du rernpllssage karstíqce avec Valerymys turoti­
ensit, Stephanomys nJmbliemis, Occitanornys adroverí et Apodemus cf. gudrunae perrnet de
 
vieillir dans le Ventien (Míocene terminal) la phase tectonlque (Iberomanchega) qui p1iase le
 
"Páramo". L'évolution sédimentologique de ce beseín met en évídence l'existence d'un chan­

gement clirnatique progresaíf, de condítíone arldes a humídes, de l'Aragonien inférieur au
 
VaUésien. Les faunes de l' Aragonieo de l'aíre étudiée correspondent, en général, II un paysage
 
ouvert avec de remarquablee dífférences d'humídíté. giogéograpjuquement elles présentent de
 
grandes affiaités evec celles du bassin de Celatayud-Daroca.
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SUMMARY - This is a study cf the Lower and Middle Miocene in the area of Madrid. 
Sedimentaticn in this zone of the Tajo Basin corresponda to endorheic deposita red by alluvial 
fans from the Sistema Central whích, after transition facies, flow ínto the centre of the 
baeín. Three sedimentary units can be distinguished throughout the distributkm cf these depo­
síts : Lower, Intermedíate and Upper. The base of the Lower Unit bes been dated only by 
marnmals fossih from drillings. lt has been attributed to the Oligo-Miocene. The fauna groups 
of Madrid and the Madrid-Guadalajara Corrídor correspond to the Middle Miocene (Aragonian) 
and all are located in the Intermediate Unít. Two groups can be distinguished, one of Middle 
Aragonian age and the other of Upper Aragonian. The majar disoontinuity between the Lower 
and Intermediate Uníta is, thus, locatcd below the fauna group of the Middle Aragonian and 
ccrresponds to the Neocastellana phese, as it had a1ready been said by AGUIRRE et al, 
2982. The discontinuity between the Intermedlate and Upper Units is represented by an erosíve 
unccnformity. The Upper Unit is very complex and contaíns me dating elemeuts. The fauna 
of Cendejas with Hipparion and Decennamenum is attributed to the vaüesían. AboYe this 
Unit, the fauna of karstíc fillíng with Valerymys turotienus, Step/lanomys mmbliensis, Occue­
nomys adroveri and Apodemus cf. gudrunae allows an infradating in the Ventian (Terminal 
Miocene), of the tectoníc phase (lberomanchega) which folds the "plateau". The sedímentoío­
gical evolution of the basin clearly shows a progressrve climatic change from arid to moist 
conditions, between the Lower Aragoníen and the Valletian. The fauna oí the Aragonian in 
the studied area corresponde, in general. to an open landscape with notable dífferences oí 
humidity. Biogeographica11y, theír closest counterparte are those cf the Calatayud-Daroca basín. 
INTRODUCTION 
The Madrid Tertiary Basin, also called the Tajo Basin, is a result of a
 
wide depression of tectonic origin, with an extension of more than 20 000 km 2
 
and infrequent reliefs dorninated by wíde plains called "platean" which form
 
what constitutes, from a geographical point oí view, the meridional Plateau in
 
Castilla la Nueva. lts triangular shape is surrounded by mountainous reliefs : on
 
the western side from NE to SW the Sistema Central ; to the east, from N to
 
S, the Sierra de Altomira and to the S the Montes de Toledo.
 
'Ole Madrid Basin, cf endorheic characteristics, is almost completely filled 
by Paleogenic and Neogenic sediments whích lie over a substratum of Cretaceous 
materials and in their tum rest on the crystallíne basement. These deposits have 
been the sublect of various studies, sínce the last century, local and specific stu­
dies as well as those of a more wíde-rangíng nature, which have given us the 
knowledge we have now on the basln. At the leve! of stratigraphlc synthesis, 
the first study is the work of ROYO (1926) and, later on, tñat of RIBA (1957) 
who established a sedímentary model based on lateral facies changes. Subsequently, 
using this model, MARTIN ESCORZA (1976) points out the presence of a series 
of lithostratigraphic units (MI to MS) and the existence of six erosive unconfor­
mities of tectonic origino Of these unconformities, AGUIRRE el al. (1976) date 
S], S2 and S3 and propose that the tectonic phases which originated them shall 
be called, the Castellana, Neocastellena and Intravallesiense phases. Recently 
MARTlN ESCORZA & BUSTILLO (1979) and MEGlAS el al. (1979) presen­
ted very different synthesis in project 25 of the IGCP (UNESCO, IUGS), the 
first one, based on their previous studies, following RIBA sedimentary model 
(f.c.) and the second summarising a model already presented by thero at the IX 
National Sedimentology Congress in Salamanca and at the Intemational Geological 
Congress in Paris (1980) (MEGIAS el al., 1980a, b).
 
Our area oC study is restricted to Madrid and its surrounding areas, bor­





mouth of the river Manzanares in Jarama to the S and Getafe to the W. Tnere­
fore, as far as the Iocatíon of the basin is concerned, we are al about 20 km 
from the northwestem grentte edge, in an area of great variety of facies and 
lateral changes. It is also the place where the rnajority of the vertebrate locali­
ríes known in the whole basin are to be found (Fig. 1 and 3). 
The object of this study is mainly to establish a Iithostratigraphíc sequence 
in which we can situate the various mammalian localities and carry out a sedí­
mentological analysis which would allow us to determine the palaeogeographic 
characteristícs of the basín in this area. 
L1THOSTRATIGRAPHlC UNITS 
The continental sedimentation of this area in the Tajo Basin corresponda 
to endorheic deposita red by alluvíal fans from the Sistema Central which, after 
several complex intermediate transition facies, lcad to lacustríne, evaporite and 
carbonate chemical sedíments towards the centre of the basin. 
The general strueture of these materials ís subhorizontal towards the centre 
of the basin and with a díp starting from the North area of Madrid. This dip 
becomes increasingly marked towards the edge due to a greater subsídence in this 
area. 
The distribution oí facies in the Madrid area shows peculiar characteristics 
in comparíson with the other environments of the Tajo Basin. This is attributa­
ble to the speciflc morphology of the lacustrine environment in the area during 
the lower Miocene and at the begínning of the middle Miocene, with an entry 
towards the edge of the basin,as can be seen in fig. 1. In principie, thís geo­
metry is due to the behaviour of the edge of the basin as compared with the 
other areas of the same ; viz. the mountain front in the Colmenar Viejo area 
rises high enough and/or sinks the Guadalix dttch, thus preventing the access of 
clastic sedíment materials coming from the Sierra de Guadarrama. This does not 
imply that the Colmenar relief does not behave as a positive area although it 
produces a srnal1er quantity oí supplies and consequently a decreased penetra­
tion of clastic sediments with greater expension of the lacustrine area. 
In view of the sedimentary characteristics and lithology we have distinguís­
hed three lithostratigraphical units for the Madrid area. 
Lower Unit 
This unít constítutes the lowest observable deposita in the Madrid arca. 
The lower límit is located in the region of Alcobendas area at a depth of 600 
m, dated by Oligo-Miocene fauna. The upper limit can be seen to the SW and 
S of Madrid, 00 the left side of the Manzanares River and La Marañosa, as 
well as in the East, in the Cerro del Viso. 
The materials which constitute thís unit present a NW·SE direction of
 
supply with three types of líthofacies distínguishable is them as follows :
 
Clastie sediment facies. - Constituted by alluvial fao deposita (medium and 
distal) with debris flow, mud flow, sheet flcod and distributory channels. These 
materials are of arkose nature very immature aod heterometric with high clay 
contento They present abundant hydromorphic phenornena and, in distal areas, 
pedologic erusts processes. They change laterally to the intermediate facies. 
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In the studied area they can be observed only by drillíng. Nevertheless, 
since clastic sediment facies constitute a díachroníc formation with characteris­
tics which are very similar, as far as their origin, means of transportation and 
sedimentation are concemed, they will be repeated throughout the whole Miocene. 
Intermecliate facies. - They constitute the materials which connect the clastic 
sediment facies with the evaporite facies of the centre of the basin, by meaos 
of a mud-ñat, that shows the following characteristics : 
w clayey nature ; 
- stratification in banks of variable thickness, not exceeding 1 m, 
general1y rnassive and occasionally with parallel decimetric al millímetric lamina­
tions ; 
- abundant bioturbation (predominance of roots) 
- hígh lateral contínuity of the lithosomes ; 
- abundant presence of pedologic phenomena 
- high content of organic matter. 
In areas near the clastic sediment facies there are intercalations of mica­
ceous sand of medium and fine graín, homometric, generally of centimetric 
thickness, with a flat base and of great lateral continuity. In this zone levels of 
sepiolítes of metríc thickness may also be seen. 
These intermediate facies are located between lines I and 2 in fig. l. 
There are many outcrops in the Tajo Basín although limited to this area and 
their lateral transition to gypsum may be observed to the south of the Cerro 
Negro, in the San Fernando de Henares area. Outcrops may also be seen at the 
base of the Cerro del Viso (Fig. 2). 
These materials, which in the whole basin in general show great homo­
geneity, have different characteristics in the area situated at the NE of the Cerro 
del Viso, due to the different nature of the source area (quartzite and slate) 
(Fig. 1). These differences are accentuated in the areas nearest to the clastic se­
diment facies, where, they change Iaterally to the Guadalajara muds. 
Evaporite facies. - In the studied area these facies are represented by gypsum
 
and anhydrite with frequent intercalations of decimetric and millimetric levels,
 
of green clay, sometimes with high content of organic matter and presence of
 
soluble salts in the central areas of this unit (GARCIA DEL CURA el al.,
 
1979 ; ORTI CABO el al., 1979 ; ORTI CABO & PUEYO MUR, 1980 ;
 
ORTI CABO, 1982). These gypsum have different sedímentological and petro­

logical characteristics according to tneír location in the area of the basín.
 
The environment of deposit are the ephemeral salt lakes and sebkhas,
 




The outcrop in these facies in the studied area are widely represented
 
in the southem zone (Vallecas, Manzanares River, Mejorada del Campo) and
 
correspond to the hígher sections of this unít where sebkha environments are
 
prevalent, sometimes inter-related with one another.
 
Contact between the lower and intermediate units. - The materials of both 
units are connected by means of an unconformity which shows different charae­
teristics for different areas of the basin. In the studied area they are defined 
by the following facts : 
1.- Progressive and generalised penetration of clastic sediment materials (coarse), 
in the central basin area, penetrating severa! kilometres over evaporite facies of 
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relíef This phenomenon ís no! apparent in the whole or the Madrid area, sínce, 
as we have shown earlier, it has distinctive cbaracterístics. There are, however, 
several points to the south and est of Madrid, where thís phenomenon can be 
observed (south of Val1ecas and the area of Alcalá de Henares). Both units 
appear in paraconformity or with local erosive contacto 
2.- Change in sedimentation characteristics ; sedímentatíon in the border zones 
continues to occur by means of a system of alluvíal fans and no changes can 
be observed between the two UOit8. Nevertheless, in the distal áreas and Inter­
mediate facies, it is possible to recognize a change in the sedimentation shown 
as follows : 
- the type of sedimentation produced in the "lower unit" by means of 
a rnud flat (in the íntermedíate facies), is produced in the following unít 
by meens of a fan delta system. The most representatíve facies here are 
the micaceous sands and green clay. Thís type of sedimentation is produ­
ced throughout rnost of the "intermediate unít", due to the constant 
onlapping of the fans towards the centre of the basin. 
- as regards the chemical facies, the type of sedimentatíon alsc changes 
from sebkha to rnarshy-lacustrine. This can be seen towards the south 
of Madrid (Vallecas-Almodovar-C, Mirones-La Marañosa-e. Telégrafo). 
3.- Chernical change. The most important geochemical change is characterized
 








Disappearance of soluble salts.
 
4.- Presence of karstificatlon phenomena with exo-karstíc characterístics, affecting
 
the gypsum in the "lower unit". The uncorformity between the "lower and inter­

medíate units", which we make correspond to thc Neocastellana Phase, is attrí­

buted in the area of Madrid to middle Aragonian (MN 4{5) but, for the momento
 
the fauna offers no greater accuracy to date tt. This presents a problem with
 
regard to the age attributed to this unconformity in previous studíes (AGUIRRE
 
et al., 1976 ; DIAZ MOLlNA & LOPEZ MARTINEZ. 1979).
 
Intermediate Unit 
The lower limit of this unit has been described previously, and the upper
 
Iimit, still in the area of study, can only be seen in the Cerro del Viso, although
 
it is widely represented, in most parts of the Tajo Basín, by an erosíve unconfor­
mity. '
 
The directions of the palaeocurrents are similar to those of the "Iower unit" 
and thus three lithofacies can be distinguished : 
Clastic sedíment facies. - These facies continué with similar characteristics to those 
in' the lower unit with the followíng distinctíve characteristícs observable for this 
unit : 
- although they continue to be of arkosic nature, they are more highly evolved, 
rather better classified and with lower matríx prcportions. The latter, whtch, in the 
"lower unit", showed strong and varying colours, has softer and homogenoua colours, 
from greyísh-green lo light brown in this unit. 
- signiñcant onlapping of clastic sediment materials towards the centre of
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- presence cf large crusts of pedologíc type throughout the whole basín 
and calcimorphous palaeosol. 
- lower degree of aridity than in the prevíous unit. 
• greater abundance of sílex and sepiolites, end dolomites in the areas 
of contaet wíth the íntermediate facies. 
AJ has been mentioned prevíously, in the "lower unít", sediments with 
different lithological and petrographical characteristics are produced, although 
sedímentation comes about by the same deposit and sedimentation process (a 
system of alluvial fans). This ís due to different nature of the source area bet­
ween the sedíments from the Mesozoíc, Palaeozoic and metamorphíc materials 
of the Sistema Central and the deposits from igneous material (Fig. 1). 
The deposits from igneous materials correspond to those described in the 
clastic sediment facies of the "lower unít" . Those coming from metamorphic, 
Paleozoic and Mesozoic materials have similar characterístícs but with greater 
abundance of fine grains (sandy muds) which slightly modify the behavícur of 
the deposit. 
In these facies the localítiea of Paracuellos 3, Paracuellos S, Arroyo del 
Olivar and Puente de Vallecas (Valleeas) are to be found. The Iithostratígraphic 
situation of tnose localíties is shown in Fig. 2 ; they are associated with the 
followtng kinds of sediment : 
- Arroyo del Olivar : macromammals-sedíments from sand and gravel 
channels ; 
micromammals-mud streams, Distal fan facies, 
mud flato Valid for "Traperos". 
- Vallecas : flat based channels, sheet tlow, removal of fan lobee. 
- Paracuellos 3 : sandy mud, mud flow. 
- Paracuellos 5 : carbonated mud, pool edges among sandy channels. 
Henares 11 cross-bedding sands ; the channel cuta into a macro­
pool. 
Henares I : sandy channels and mud tlow. 
Intermediate facies. - In thís unit we have also gíven the name of intermedíate 
facies to tbe sediments which connect c1astic sediment facies with marshy and 
lacustrine sedimente. Sedimentatíon is onlapping in character troughout most of 
the development of thía unit and periodically invades the flooding zones at the 
edges of the marshy-lacustríne area. 
The charecteristícs of these sediments in the Madrid area are also peculiar 
because of the shape of the entry towards the relief in the marshy-Iacustrine area, 
as mentioned previouely. In other areas of the basin and the SW and NE flanks 
of the area of study, the "green micaceous sands"(l) appear well developed due 
to the fan delta system. Nevertheless, in the Madrid area, we find green clay in 
banks of 0,5 to 2 m, sometimes with abundant bioturbations and massive appear­
ance, with intercalations of lenticular carbonated levels, sometimes with great late­
ral extensión, which, in most cases, corresponda to calcareous crusts, of pedologi­
ca] nature. Assocíated with these, sílex and sepiolites appear sporadically. Decime­
trie íntercalations of "green micaceous sands" are frequently found in the area 
of transition with the previous facies. 
(1) 10 m or more in thíckness in Pinto, homometric, from medium to fme grain, the latter 
beíng predominant, abundant biotite, with íntemel sedimentary structures, generally with a flat 


















In these facies we find the majority of the typical Madrid deposita, the 
sedtmentary characterístícs oí which correspond to ; 
- Moratines ; muds, associated with fine micaceous sands ; pond 
edge. 
- O'Donell : clay with lamínations, bícturbatíons of Fe and Mn 
oxide ; associated with fine sands ; pond edge. 
- Hidroeléctrica, S. Isidro, Píe. Toledo: marls - marshy clayey 
temporarily fiooded areas, síliceous and carbonated, occasionally 
gypsiferous ñaked crusts. 
Marshy·lacustrlne facies 
The sediments in thís facies, (marshy and lacustríne environments) corres­
pond to the lateral change in the Intermedíate facies. They rest with unconfor­
mity on materials of the "lower unit". 
They are basically carbonated in character with clayey intercaíations of 
variable thickness. They are included variety oí limestone types. These limestones 
are conditioned by the different exístíng sub-environments. Towards the base, the 
presence of abundant Ievels of clay and marl, intercalating with carbonated levels, 
may be seen. Towards the central areas of the basin, the presence of gypsum 
with different characteristics from those in the "lower unit", can also be seen : 
lenticular, elastie sediment, crusts, ... 
Upper Unit 
In the area of study this unit can only be found in the Cerro del Viso 
(Alcalá de Henares). It extends to the S and NW and is located with unconfor­
mity on top of the "intermediate unit". The upper lirnit is roughly constituted 
by the so called "Limestones of the Páramos", although they are limited to an 
erosive unconformity covered by Pliocene clastic sedimento 
Duríng the deposit of the "limestones of the Páramos", the NE edge of 
the basin ceases to act as a positive area and these limestones are final1y deposi­
ted over the edge. 
The facies in this unit correspond at the base to CAPOTE & CARRO 
(I968) "intramiocene fluvial system". They are evolved and canahzed c1astic sedi­
ment deposíts. The lithology of these materials comprises quartzites, quartz, slate 
and schists in thick and sandy sizes. Abundant feldspars are to be added to the 
latter. These feldspars reveal the exísting connectíon with the supplies of grani­
tes in the Central Range. 
On the top we find "Limestones of the Páramos" of varíed characteristics, 
which in the Cerro del Viso correspond to lacustrine mieritic, oneolite and tufa­
ceous limestones. The top of these is eroded and over them there are Pliocene 
c1astic sediment deposits. 
Outside the environment of our area of study and in this calcareous for­
mation there is the locality of Cendejas de la Torre of Vallesian age. 
In the north edge of the basín, there is a micromarnmal karstic locality 
of Ventian age (HOYOS et al, in press) which infradate the tectonic phase. The 
latter affects this one and also the "Límestones of the Páramos" Iberomanchega 
Phase (AGUIRRE et al, 1976). The límestones, by themselves, can be Vallesian 
or Turolian, but they can't be Middle Pliocene as it has been supposed by cor­
relation with the Jucar Basin deposits (MEIN et al., 1978) 
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SEDIMENTARY EVOLUTlON 
In short we can say that during the development of the "íower unit" 
this area of the Tajo Basin was red by arid alluvial fans which carne from the 
relief and then penetrated towards the centre of the basin where there was an 
ephemeral salt Iake. The environmental conditions mus! have been extremely arid. 
Towards the top of thís unir, clastic sediment materials gradual1y invade 
the prevíous evaporite domains. Soluble salts disappear and a number of sebkhas 
move in. sometimes interconnected. Climatic conditions become milder, there is 
more fresh-water flowing into the basin, although still within significantly arid 
conditions. 
Duríng the development of the "intermediate unit", sedimentary condi­
tions vary sensitively and the supply of rain water is more important although 
markedly seasonal. This gives rise to the greater progression of the fans over the 
centre of the basín and to the establishment of ponds and marshes in areas 
bordering the distal facies of these fans. The ponds and marshes, and even small 
pocls, will become more important towards the top of the unit, remaining flooded 
for an increasingly longer period of time. 
The only knowledge we have of the beginning of the "upper unir" is 
the existence of the "intramíocene fluvial system". Nevertheless. given the mine­
ralogical composition of the sand in this fluvial system, we presume that the 
front of the Sierra continued the supply of clastic sediment materials by means 
of alluvial fans. Thus it can be conflrmed that the climatic conditions ccntinued 
to become more and more humid givíng rise to a greater development of pools 
and lakes, on top of the unit. In the NE area of the basin, the contact bet­
ween the Upper Unit and the Mesozoic edge can be c1early seen, due to the 
fact that the latter remains practically ínactive. 
FAUNA 
The fossil fauna of the Miocene in the Madrid area (in San Isidro and 
Puente de Toledo) has been known since the middle of the last century (KAUP, 
1840 ; EZQUERRA, 1840, 1841, 1845 ; MEYER, 1844 ; GERVAlS, 1853 ; 
PRADO, 1864). Later on, the fossil localities of the Puente de Vallecas 
and la Hidroeléctrica were discovered (HERNANDEZ~PACHECO, 1921 ; CRUSA~ 
FONT & VILLALTA, 1947 ; CRUSAFONT, 1952). 
The age of these faunas has never been accurately established. MEIN
 




The studies undertaken in the Tajo Bas¡n, parücularity in the area of 
Madrid, have led to the discovery of new faunas, sorne of them with macro 
and micromammal assemblages. Of these faunas only the ones in Moratines and 
Torrijos have been the obiect of preliminary publications (ALBERDI el al., 1981 
AGUIRRE el al.. 1982 ; Fig. 3). 
BIOSTRATlGRAPHY 
The genera Armantomys and Lagopsis characterize the micromarnmalian
 
fauna of the Middle and Upper Aragonian in Madrid.
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Soricidae indet. 12.5 
Galerix sp. 5.5 4.5 2 3.5 
cf. J\nphechinUs sp. 1 
Heteroxerus rubricati 31 
Heteroxerus aff. rubricati 10 30 
Heteroxerus grivensis 10.5 27 2 6 
Anranb::Kro/S sp. 35.5 3.5 10 16.5 20 3.5 20.5 12.5 
M.icro:l:yrornys koenigswaldi 3 
psetJdodryomys robustus 1.5 2 1 14 
~acri.cetOOon míror collongensis 3 • 18 14 
Megacri.cet.oOOrl minor minar 3.5 
Megacricetodon crusafonti 31.5 21 
Megacr1cet.có:n sp. 30 
Cricetidae cf , MegacricetoOOn 12.5 
FahIbuschia cf , koenigswaldi 20.5 
Fahll::uschia cf. darocensls 6 20 
Fahll::uschia sp. s 35 1 
Lagopsis pena! .0 35 43.5 20.5 
IAg'Opsis cf. verus 10 62 
Lagopsis sp. 10 62.5 
Prolagus sp. 1.5 
Núnero total de dientes 
., 
127 29 10 67 •• 264 2. 8 
Núnero de kilos de 
sedilrento lavado " 1" '00 100 60 80 180 200 200 16O· 
Table 1 • Distribuñon and percentages oí the specíes oí mícromammals from Madrid faunas . 
• Total number oí teeth;
 






















































J\nilhicyan majar 0.5 o o + 2•• 
Jilrphicyon giqanteus 
Hemicyon sansaniensis 
Pseudaelurus quadridentatus 1 
+ 
+ o + ,.. 
O., 1 
Pseudaelurus lorteti 2.3 o 1 
5ansanosmilus palmidens O,, 
Protictither1um sp, 0.7 
~therium angusti.dens 15 + + 2. , + 2.5 + 10.5 0.2 
Zygolo¡;;h::d:m turicensis o 
Anchitherium aurelianense 
Aceratherium cf . tetradactylum 
0.5 6 + + 38.6 + + 54.5 + 













Paleareryx cf. magnus 
MiCIal'l':!ryx fluorensianus 



















































NÚITero sscecree ,', 7 9 6 7 7 4 7 , 10 • 11 l' 
N\ÍirerO Restos Identificados Id, 184 152 45 m 131 191 
Table 2 . Dístríbutíon and perceutages of the species of macromammals from Madrid faunas. 
o e O.S % ; * Number of apecíee;
 
•• Number of identifies remalns.
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Olivar and Henares 2, located at lower stratigraphic levels, are characterized by 
the assemblage oí Pseudodryomys robustus, Megacrtcetodon minor collongensis 
and Lagopsts penal. These faunas can be correlated with a few in the Calatayud 
Basín : Valdemoro IlIB, Villafeliche IV aad Las Planas IV A and B (de BRUIJN, 
1967) in the Middle Aragonían (zones O and E in DAAMS & FREUDENTHAL, 
1981), sorne oí which are included in units MN 4 and 5 of the biozone oí the 
Neogene continental Mediterranean (MEIN, 1977). 
The assembJage oí Megacricetodon minar mtnor, Megacricetodon crusafon­
ti and Lagopsis cf. verus characterizes the micromarnmalian fauna of Paracuellos 
3 and S, located in upper stratigraphic levels. These faunas can be correlated 
with those of Manchones in the Calatayud Basin (de BRUIJN, 1967) which 
correspond to the Upper Aragonian (zone G in DAAMS & FREUDENTHAL, 
1981) and unit MN 6 in MEIN (1977). The Henares 1 fauna shows Megacrice­
todon of large síze, comparable with that of M. crusafonti, although it has 
particular morphologic characteristics. This leads us 10 ascribe 10 these faunas an 
age very close to that of Paracuellos 3 and 5. 
The micromammalian fauna in the Cantera de El Trapero has not given, 
up to now, any taxonomicalIy determinable material, at a specific level and for 
this reason it cannot be ascribed 10 any one of the faunistic assemblages. 
The difficulty in differentíating two groups of fauna among Moratines, 
O'Donell, Henares 2 and Arroyo del Olivar is that there is no distinctíve taxo­
nomic element such as the enes used by MEIN (1977) to separate units MN 4 
and 5 and the ones used by DAAMS & FREUOENTHAL (1981) to distinguish 
zones D and E in the Middle Aragonian. The faunal sequence in Calatayud 
can not be found in the area of Madrid where there are no Cricetodon or 
Democrtcetodon. In the O'Oonell locality two specíes of Fahlbuschia co-exist. 
They used to be considered as successlve in time (FREUOENTHAl, 1963). 
There too the two specíes Heteroxerus are associated with Megacricetodon mínor 
co//ongensis (Table 1). Once agaín they were assumed as beíng successíve in time 
(de BRUIJN, 1967 ; DAAMS el al., 1977). 
From a bíostratigraphic point of view the macromammals in the area of 
Madrid confirm the attribution of these groups of Iocalities to the Middle and 
Upper Aragonian. The replacement of Bunoltstrtodon lokharti by Listriodon 
spíendens seems the most certain indicator to separate Paracuellos 3 and 5 from 
the rest of the localities and place them in the Upper Aragonian (LEINOERS, 
1976 ; OAAMS et al., 1977). Nonetheless, Paracuellos 5 shows notable differen­
ces in the Upper Aragonian fauna from the Calatayud-Daroca Basin but this 
could be attributable to envíronrnental factors. On the other hand, in Paracuellos 
3, together with L. spíendens. we find various forms such as Caprotragoides sp. 
(1), Aceratherium simorrense. Dtcerorhtnus sansaniensís, Palaeomeryx cf. magnus 
which characterize the fauna of the Upper Aragonian in Manchones and Arroyo 
del Val IV-V!. 
The most characteristic forms in the Middle Aragonian, together with B. 
íokhartt, are Hlspanatheríum matritense, Triceromeryx pachecoi and Cainotherium 
miocaenicum. However we have not found any of the four associated in any of 
the fossil localities in the area of Madrid. In Torriios there are two, as well as 
in La Hidroeléctrica, San Isidro and O'Donell. In the Puente de Toledo and Mora­
tines there are three aud in Vallecas only one. 
(1) THENIUS (1979) claíms that Caprotragoides corresponde to P:seudotragus potwancus of
 
Fort Teman (GENTRY, 1970) and Gazello ttehliní of the Vienna Besín (THENIUS, 1951).
 
Without cornmitting ourselves as to the validity of otherwíse of this opinión, we use thís
 
term to describe the Bovidae of Paracuellos 3 whích are similar to G. stehliní:
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Table 3 . Biostratigraphy of rhe marnma1 Iocalítíes of Miocene in the Tajo Basín. 
Only the fauna in the Puente de Vallecas could be possibly considered 
more modero withio the group in the Middle Aragonian. The arguments are ne­
vertheless weak. They are based on the presence of a Palaeomeryx ef. magnus 
in Paracuellos 5 and Arroyo del Val IV, which appears to replace the Palaeo­
meryx cf. kaupi and the Trtceromeryx pachecoi. Another fact 15 the absence 
of Cainotherium miocaenicum in Arroyo del Olivar, a fossil locality which can 
be stratigraphlcally correlated with the previous one. The abundance of Hetero­
prox could be another argument, since this form only becomes frequent from 
the boundary with Middle and Upper Aragonian. On the other hand, Conohyus 
stmorrensís can not be interpreted in such a way (GINSBURG, 1977). 
In any case we need more arguments to separate these Vallecas faunas 
from the others in the Middle Aragonian, especíally when the assemblage of ro­
dents in the Arroyo del Olivar is comparable with that oC O'Donell and other 
fossil localities ( Table 2). 
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Fig. 4 • Faunas from Madrid comparative pereeutage cf the different micromamma1 groups. 
FinaIly this group of faunas with macro- and micromarnmals corresponds, 
wíthín the Aragonian, to the O-E·F area and the lower part of G (DAAMS & 
FREUDENTHAL, 1981). However in our fauna only two cIear separations can 
be made : 
- Moratines, O'Donell, Arroyo del Olivar, Henares 2, Hidroeléctrica, 
San Isidro and Puente de Vallecas couId be compared with the areas 
D-E in the Middle Aragonian. 
- Paracuellos 3 and 5 and, with reservations, Henares I correspond 
wetl to the F areas and the lower part oí G belonging to the Upper 
Aragonian. 
The fauna in Paracuellos 3 and S and Henares 1 could easily be included 
in unit MN 6, while the rest of the fauna could be indiscriminately included in 
MEIN', units MN 4 and S (ALBERDI & AGUlRRE, L977). 11 is lo say, they 
would correspond to Lower Astaracian and to Middle and Upper Orleanlan res­
pectively (FAHLBUSCH, 1976 ; Table 3). 
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PALAEOECOLOGY 
An easily veriflable faet is the dífference in behaviour between the assem­
blages of micromammals and macromammals. Micromarnmals change very little in 
time and space (Fig. 4). Equlvalent specíes are progressively replaced while the 
quantitative composition, although varying from one fossil locality to the next, 
generally mamtains a strong consistency. 
This is not the case wíth macromarnmals (Fig. S) where the assemblages 
change radically from one locality to the other. Torrijas has an assemblage of 
fauna widely dominated by Hispanotherium. In thís case Anchitherium ís very 
rareo In La Hídraeléctríca, Trtceromyx pachecoi represents almost 70% of the 
ñndíngs. Moratines, Valtecas and Paracuellos 5 show a predominance of Anchi­
therlum. Finally, in Paracuellos 3, the assemblage of Caprotragoides and Acera­
theríum stmotrense is dominant over the rest of the species and, as in Torrijos, 
Anchttherium is practicalIy absent. 
For the moment the explanation for these marked diff'erences remains 
unknown. In Torrijos and Paracuellos 3 the predominance of herbivores with 
hipsodontic or semi-hípsodontic teeth ayer those with braquíodontic ones is strongly 
marked. Both assemblages of fauna índicate an open dry landscape. Both localities are 
found in mud-ñats associated with arkose channels. So, we may assume that this season­
ably open and dry landscape would have streams with abundant water. These two local­
ities represent the same lanscape in two different ages but the change in fauna, which 
has come about between the two, is remarkable. Htspanothertum, Mtotragocerus and 
Triceromeryx have been replaced by Averathertum simorrense and Caprotragoides. 
Hispanotheríum and Trtceromeryx completely disappear and Míotragocerus is not found 
again until the Aragonían-Vallesian boundary in Catalonia. Therefore, there is no 
dírect equivalence between these forms. Htspanothertum in its adaptation is very different 
from A. símorrense and Caprotragoides and, although its systematíc classification is 
still debatable. it undoubtly belongs to a different tribe from the Boselaphini. The deca­
dence of Palaeomerycidae must be explaíned by the adaptative radiation in other Pecara. 
It seems very possible that in the Upper Aragonian there was an entry of immígrant 
fauna to thís open and dry Madrid Basin. There it replaced the pre-existing fauna. We
 
are absolutely sure of the existence of this phenomenon in the Calatayud Basin.
 
The existíng assemblages in Moratines, La Hidroeléctrica, Puente de Val­
lecas and Paracuellos 3 are clearly domínated by brachiodontic herbívores. We 
can think of a wetter envíronment for them, but not necessarily covered. Mora­
tínes and La Hidroeléctrica are in lacustrine facies, associated with lacustrine 
edges. Puente de Yallecaa and Paracuellos 5, on the other hand are in facies 
assocíated with alluvial fans, but posslbly at a greater dístance from arkose 
channels than Torrijas and Para cuellos 3. In any case these fossil localities wíth 
brachiodontíc herbívores differ from each other in their fauna composition. As 
we have pointed out befare, in three of them : Moratines, Puente de VaUecas 
and Paraeuellos 5, Anchuhertum is the domínant herblvore. However, in Mora­
tines it co-exists mainly wíth Tríceromeryx, in Puente de Va11ecas with Miotra­
gocerus and Heteroprox and, in Paracuellos S with Heteroprox and rarely with 
Miotragocerus. The difference in age between Puente de Vallecas and Paracuel­
los 5 is well establíshed. It is based on the change from L. penal, M. collon­
gensls and B. íokhartí to 1. cf'. verus. M. crusafontt and L. splendens. Nonethe­
leas, from a quantitativ point of vtew, both assemblages are the nearest to the 
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Fig. S • Faunas from Madrid : comparative percentage of the dífferent macromarnmal groups. 
These faunas also have in common the almost total absence of Rhinoce­
rothídae and the best representation of Proboscidae. The most reasonable expla­
naticn, up to now, ís that during the Middle Aragonian there has been a repla­
cement of Palaeomerycídae by modem Pecara (Cervidae, Bovidae and Giraffidae). 
In our particular case, Heteroprox would have ousted Triceromeryx from the 
ecological niche occupied by brachiodontic herbtvores of medium-large size, this 
, 65 ­
change marks in the fauna the perlad of the Middle Aragonían in Puente de 
Vallecas. 
The ecological preferences oí the assemblages of micrornammals in the 
area of Madrid do not seem to contradict what has so far been put forward. 
During the period of time they cover they show, even less, diversífication than 
in basins such as those of Calatayud-Daroca. This monotony in the composition 
seems to índícate a constant environmental clímate and non observable changes 
in the weather. Thís would be confirmed by the faet that the replacements are 
made among species which can occupy the same ecologícal niche : Megacriceto­
don minar coilangensís by M. m. mtnor .. M. crusafontí and Lagapsís pena; by 
L. veros. 
There is an absence of forros considered to be of a woodland biotope 
Perauristinae, Eomüdae and Democrtcetodon. 00 the other hand, the kind consí­
dered to be of an open environment, such as Heteroxerus, Fahlbuschia and 
Armantomys, are dominant. A great abundance of Laeapsts shows the same 
general environment as that of the macromammals, that ís, an open landscape 
with areas of water. Within thís envíronment, the possíbility of distínguíshing a 
drier landscape from a wetter one seems somewhat more difficult. However, 
fossil localities considered to be more artd, such as Paracuellos 3, have fewer 
Lagopsis and many more Armantomys. On the other hand, the O'Done11, Arroyo 
del Olivar and Moratines fossil localities have very high percentages of Lagopsis 
and a greater díversity of Gliridae. Paracuellos 5, because of its great number of 
Lagopsis, would be closer to these latters. 
BIOGEOGRAPHY 
ALBERDI et al. (1981) have shown the existence of significant differen­
ces in the composition of fauna among the Spanish basins and their differences 
from other fauna in Europe for the Vallesian-Upper Aragonian. The central ba­
sins, in this case the Duero Basín -the Calatayud-Teruel Basin, are grouped in the 
same biogeographícal unit, welJ differentiated from the Vallés-Penedés Basin and 
more closely related wíth the reat of Europe. The data obtained, to date, in the 
area of Madrid confírm this hypothesis and offer new accuracíes. In the Middle 
end Upper Aragonian, the fauna in the area of Madrid only finds a comparable 
replica in the Calatayud-Daroca Basin. Thus, in the Middle Aragonian the most 
characteristic fcrms in the area of Madrid are Lagopsis and Armantomys as to 
micromammals and Triceromeryx and Hispanotherium as to macromammals. They 
are also found in the Calatayud-Daroca Basin. The exagerated predominance oí 
Lagopsis over Prolagus is found in both areas. In the Upper Aragonian the 
situation could be similar ; in the area of Madrid, Armantomys and Lagopsis 
contínue to be numerous, Lazopsts begins to be replaced by Prolagus in the Ca­
latayud-Daroca Basin (LOPEZ MARTINEZ, 1977), but thís ís a very rapid repla­
cernent and it could be later than Paracuellos 3. In rnacromarnrnals the forros we 
encounter are present in other European localítíes but it is in the area of Madrid 
and Calatayud-Daroca where they find a more favorable environment. This is the 
case with Caprotragoides and Acerathertum stmorrense, forros which are very rare 
cutside these two basins. 
The cornparison with other Iberian basins is more dífficult. In Vallés­
Penedés there could be an absence of all equivalent levels (AGUSTI, 1981), In 
the Duero Basin we have no report on the Middle Aragonían (LOPEZ MARTI­
NEZ el al.. 1977 ; LOPEZ MARTINEZ & SANCHIZ, 1979). Differences appear 
in the composition between micrornammals found in Upper Aragonian and those 
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found in the area of Madrid. A more covered environment ís suggested by these 
faunas (LOPEZ MARTINEZ & SANCHIZ, 1979). 
We may suppose tbat the fauna in the area of Madrid and Calatayud-
Daroca can be íncluded in the same biogeographical area, where the fauna was 
probably better adapred to a more open environment than those supposedly existing 
in European localities oí this age. 
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